I
t is generally assumed that persons with mild cognitive impairment (MCI) have little or no functional impairment. Thus, one of the criteria of MCI is essentially normal activities of daily living. However, some have reported functional deficits among MCI patients as compared with cognitively normal (CN) persons. [1] [2] [3] [4] Identifying potential factors that contribute to subtle or overt functional deficits in MCI may have prognostic value in understanding the progression of MCI to dementia. Furthermore, we and others have reported that neuropsychiatric symptoms (NPS) are common among elderly persons. In a sample derived from the Mayo Clinic Study of Aging (MCSA), 51% of persons with MCI and 27% of CN participants had at least one NPS; and in general, the prevalence of NPS was significantly higher among MCI as compared with CN persons. 5 To date, little is known as to whether NPS are associated with functional activity in persons with MCI. We therefore investigated the functional status among persons with MCI as compared with CN study participants; and further examined as to whether findings were impacted by NPS.
METHODS

Design and Setting
We conducted a case-control study derived from the MCSA, a population-based study in Olmsted County, MN. MCSA study protocols have been approved by the IRB of the Mayo Clinic and Olmsted Medical Center in Rochester, MN. All participants provided written informed consent.
Participants
Eligible participants were cases and controls aged 70 years and above (we defined MCI persons as cases and CN persons as controls) with valid data from the Functional Activities Questionnaire (FAQ) and the Neuropsychiatric Inventory Questionnaire (NPI-Q).
Measurement of Normal Cognition and MCI
The cognitive assessment in the MCSA is described in detail elsewhere. 6 Briefly, all participants underwent a faceto-face evaluation including (1) neurological examination performed by a physician, (2) risk factors ascertainment conducted by a nurse or study coordinator, and (3) neuropsychological testing administered by a psychometrist to assess 4 cognitive domains (memory, language, visuospatial skills, executive functions). An expert consensus panel of physicians, nurses, and neuropsychologists evaluated the results and classified the participants as being CN or having MCI. The diagnosis of MCI was made based on the published Mayo Clinic criteria.
Measurement of Functional Status
Functional status was measured using the FAQ, 7 a 10-item questionnaire on instrumental activities of daily living (IADL) such as writing checks, paying bills, balancing checkbook; shopping alone for clothes, household necessities, or groceries; playing a game of skill, working on a hobby; preparing a balanced meal; or remembering appointments, family occasions, holidays, medications. Regardless of the cognitive status of the participant, an informant was asked to rate the participant's abilities according to a scoring system (ranging from 3, dependent to 0, normal/never did the activity but could do now). By summing the scores for all 10 items, we calculated a FAQ total score for each participant (minimal score: 0, maximal score: 30). Higher FAQ scores indicate higher degrees of functional impairment. The FAQ was administered by a research nurse or study coordinator.
Measurement of NPS
NPS were measured using the NPI-Q 8 which assesses 12 emotional behaviors (agitation, delusion, hallucination, depression, anxiety, euphoria, apathy, disinhibition, irritability, aberrant motor behavior, sleep, and eating/appetite). For all study participants, the NPI-Q was administered as a structured interview to an informant by a research nurse or study coordinator.
Statistical Analyses
We used 2 sets of multivariable logistic regression models to compute odds ratios (OR) and 95% confidence intervals (95% CIs). In the first set of models, we used functional status as measured by FAQ to predict cognitive status [CN vs. MCI (event)]. Analyses were adjusted for age, sex, education, medical comorbidities (Charlson index), body mass index (BMI), and APOE ε4 carrier status. We also further adjusted for each NPS individually to evaluate the impact of NPS on functional status in predicting normal cognition versus MCI. In the second set of regression models, we investigated the association between NPS (presumed dependent variables) and FAQ score (presumed independent variable) for both CN and MCI participants separately. These models were also adjusted for age, sex, education, medical comorbidities, BMI, and APOE ε4. Finally, we ran both sets of regression models stratified by APOE ε4 carrier status. All statistical analyses were conducted using the 2-tailed alpha level of 0.05 and performed with SAS (SAS Institute, Cary, NC).
RESULTS
The sample consisted of 3003 persons (51.1% male individuals); 2539 were CN and 464 had MCI (350 had amnestic MCI, and 114 had nonamnestic MCI). The median FAQ score [interquartile range (IQR)] was 1.0 (0.0 to 3.0) for MCI persons, and 0.0 (0.0 to 0.0) for CN persons. Participants with MCI had higher prevalence of NPS than CN persons (Table 1) .
FAQ Total Score Predicting Normal Cognition Versus MCI
The OR for total FAQ scores predicting cognitive status [CN vs. MCI (event)] was 1.39 (95% CI 1.32-1.47; P < 0.001) after adjusting for age, sex, and education. Additional adjustment for NPS had a negligible impact on the OR; with point estimates ranging between 1.36 (1.29-1.43; P < 0.001) for apathy and 1.39 (1.32-1.46; P < 0.001) for eating/appetite (data not shown). Similarly, when we adjusted the model for age, sex, education, medical comorbidities, BMI, and APOE ε4, the OR was 1.38 (95% CI, 1.31-1.46; P < 0.001). Additional adjustment for NPS had only minor impact on the OR; the point estimates ranged between 1.35 (1.28-1.43; P < 0.001) for apathy and 1.38 (1.31-1.46; P < 0.001) for eating/appetite (data not shown). When we stratified the analysis by APOE ε4 carrier status, the OR adjusted for age, sex, and education was 1.32 (1.22-1.43; P < 0.001) for carriers and 1.43 (1.33-1.53; P < 0.001) for noncarriers. Additional adjustment for NPS did not significantly change the OR. The point estimates ranged for APOE ε4 carriers between 1.29 (1.19-1.40; P < 0.001) for depression and 1.32 (1.21-1.43; P < 0.001) for agitation; and for APOE ε4 noncarriers between 1.39 (1.29-1.49; P < 0.001) for apathy and 1.42 (1.31-1.53; P < 0.001) for nighttime behavior.
Association Between NPS and FAQ Total Score in CN and MCI
Higher FAQ scores were associated with greater odds of having NPS in both MCI and CN persons (Tables 2, 3) . On average, point estimates were higher among CN as compared with MCI participants.
CONCLUSIONS
As expected, CN and MCI persons of this communitybased study sample scored very low on the FAQ. This finding gives empirical credence to one of the criteria of MCI, that is, MCI persons have little or no functional impairment. However, we observed that each one-unit increase in FAQ is associated with 39% greater odds of having MCI. This finding is in line with previous studies that have reported higher FAQ scores among MCI than CN persons. 1, 4 Similarly, studies using other questionnairebased assessments reported differences in functional status between MCI and CN persons 2 ; whereas few reported only some differences between MCI and controls depending on the assessment. 3 As NPS are common in elderly CN and MCI persons and are associated with increased risk of cognitive decline, we examined the effect of functional status on presence of NPS. We observed that higher FAQ scores were significantly associated with presence of NPS among both CN and MCI persons. However, additional adjustment for NPS of the primary regression model, which used total FAQ scores to predict cognitive status, did not significantly alter the odds of having MCI. This suggests that NPS are associated with impaired functional status, but may not impact the relationship between functional activity and cognitive status (CN vs. MCI). To our knowledge, only few studies have investigated the association between NPS and functional status. For example, a study conducted at UCSF found that NPS, particularly apathy and nighttime behavior, predicted functional status in Alzheimer disease patients. 9 Similarly, Italian investigators reported that NPS were significantly associated with impairment of IADL in patients with Alzheimer disease and vascular dementia. 10 The major strength of our study is the large, population-based sample of elderly persons aged 70 years and above. All study participants underwent numerous face-toface evaluations and were classified as CN or having MCI based on an expert consensus panel. The main limitation of our study is its cross-sectional design. Thus, it is not possible to determine direction of causality between "exposure" and outcome of interest. Another limitation pertains to the use of FAQ and NPI-Q, which are informant-report questionnaires and may be prone to recall bias. However, the NPI-Q is a validated and commonly used tool to assess NPS. Furthermore, is has been speculated that informantreport questionnaires to assess IADL may be more accurate than self-report questionnaires among MCI persons.
In conclusion, we observed that higher FAQ scores are associated with increased odds of having MCI among elderly community-dwelling persons. Additional adjustment for NPS did not significantly alter the relationship between functional activity and cognitive status. However, higher FAQ scores among both CN and MCI persons were associated with increased odds of presence of NPS. As in any case-control study, our results should be considered as preliminary until confirmed by a prospective cohort study. 
